Study Objectives: To explore the sleep onset process in primary insomnia patients, new rules for scoring 4-second epochs were implemented to score sleep and artifacts during initial sleep onset. Conventional scorings in 20-second and 60-second epochs were also obtained.
INTRODUCTION
Sleep is scored as a state 1 but is a time series process. Scoring sleep involves classifying epochs of 20 seconds or 30 seconds (and formerly 60 seconds) as noncomplex states. These epoch lengths are longer than many arousals occurring in the process of sleep. Arousals and artifact summaries are not part of traditional sleep architecture descriptions.
While some primary insomnia patients have abnormalities in conventionally defined sleep architecture, 2 for others the differences can be mild. 3, 4 Indeed, some noncomplaining poor sleepers have poorer architectures than some patients. 5 This might suggest that the main pathology in patients might concern sleep/wake state misperceptions. Against this, studies point to increased beta power in the sleep EEG of insomnia patients during NREM sleep, [6] [7] [8] [9] [10] suggesting sleep process abnormalities. Analyzing EEG sleep processes exhaustively would implausibly require a wave-by-wave analysis. Small-epoch scoring may be an alternative. 11, 12 Small-epoch scoring has a potential importance for insomnia research. Saper et al 13 have proposed that defects in sleep/wake state-switching circuits within the brain may favor sleep fragmentation. In insomnia patients, sleep/wake states may be more variable 14 or atypical, 15 and the transition between states may be shallower and less stable. 16 Sleep fragmentation would appear as small epochs of wake within larger, conventionally sized epochs.
Instabilities in sleep/wake state switching may be more likely to be observed during the sleep onset process. The sleep onset process can be considered as extending from full wakefulness through well-established stage 2 sleep.
17 Figure 1 displays a schematic contrast of potential consequences of a defective stateswitching system during the sleep onset process in insomnia patients. Helping patients get to sleep, or return to sleep, is often a key clinical task. 18 Being unable to get to sleep initially can be the sole chief complaint.
The literature concerning the sleep onset process in insomnia 6, 10, 15, 16, [19] [20] [21] [22] [23] includes studies that vary not only in sleep/wake state definitions, but also in time referencing (i.e., what is the time zero reference for the data?), sleep latency definitions (most elaborately addressed by Bonato 16 who compared 7 definitions), and time interval (by quartile, fixed-length epoch, etc.) stipulations. This methodological variation is inevitable when one is attempting to describe a process that has vague boundaries and no obvious internal clock. Hori and colleagues have examined the sleep onset process in normal sleepers using detailed rules for scoring 5-sec-ond epochs, classified into 9 states specifically related to the sleep onset process. 24 , 25 Doerfling and colleagues applied the Hori rules in insomnia patients and controls using 7-second epochs, dividing the sleep onset process into quartiles. 24 They were unable to discriminate between groups with this method but did not analyze sleep latency or fixed-length epoch data.
At present, the Hori states do not have direct thalamocortical correlates. By contrast, wake, NREM, and REM sleep do. Perhaps scoring sleep in small epochs in these 3 simple states may have advantages. Compared to conventional rules, small-epoch scoring rules may increase statistical power, help identify state switching abnormalities, and assist in identifying insomnia subtypes. At present, conventional polysomnography of insomnia patients has little clinical utility, 26 so small-epoch scoring might have future utility.
It is often taken as obvious that EEG artifacts should play no role in scoring sleep. Artifact scoring is not part of current sleep staging. However, movement arousal artifacts may be abnormalities in the sleep of some insomnia sufferers. 27, 28 Artifact scoring may have value when scoring insomnia patients' sleep or sleep onset processes, and so is worth investigating.
This exploratory study compares the sleep onset process of primary insomnia patients and individually-matched controls. It utilizes a new method of classifying 4-second epochs into 3 sleep/ wake states and identifying whether they contain one or more artifacts. The first aim of this study was to describe potential sleep onset process abnormalities in insomnia patients. A second aim was to explore how sleep latency metrics may correlate with selfreports in patients.
METHODS

Subjects
Eleven primary insomnia subjects (5 males, 6 females) who had participated in prior research protocols were identified from archival records of the Clinical Neuroscience Research Center at the University of Pittsburgh. Primary insomnia had been diagnosed in accordance with DSM-IV criteria 29 after screening with the Structured Clinical Interview for DSM-IV 30 and clinical interview, as well as physical and laboratory examinations to rule out other medical or sleep disorders. 31 Each patient was individually age-(± 3 years) and sex-matched to a control subject from the same archives, who had been assessed with identical procedures. All subjects had signed informed IRB-approved consent. All had been found free of clinically significant sleep disordered breathing or periodic limb movement arousals as assessed with oximetry, nasal thermistor, piezoelectric belt, chin EMG, pretibial EMG, C 4 -A 1 A 2 , and EOG channels. Apnea-hypopnea and periodic limb movement indices were less than 15 in all subjects. No subject was taking a medication for sleep at the time of study.
Definition of Scoring Rules for Three Epoch Lengths
The archival epoch scoring rules for 60-second epochs that time references this analysis were virtually identical to Rechtschaffen and Kales criteria 2 and had been used in several seminal publications from our laboratory. The visual scorings were maintained with good reliability (kappa = 0.74) for the years of the study data. Sleep latency according to the local 60-second scoring rules was defined as the time length from the technician-identified time point when the subject attempted to initiate sleep ("good night time") until the first stage 2 epoch in a 10-minute period of stable sleep, permitting 1 minute of wake or two minutes of stage 1 within that period.
The records were rescored for ASDA arousals 32 and long arousals by a technician blind to group membership. ASDA arousals are defined as arousals lasting more than 3 seconds in a 30-second epoch of sleep. "Long arousals" were defined as waking events longer than 30 seconds. Both arousal indices were summarized in units of events per hour of sleep across the study nights. ASDA arousals were scored for their clock times and durations.
The records were blindly rescored by Rechtschaffen and Kales criteria in 20-second epochs. Recent percent agreement estimates from our laboratory were in the range of 0.85-0.95 for stage 2 sleep, but in the range of 0.50-0.85 for stage 1 sleep. The sleep latency definition for 20-second scoring was defined as the time from good night time until the first stage 2, 3, 4, or REM epoch, permitting not more than 1 consecutive minute of awake, or not more than 2 consecutive minutes of stage 1, or not more than 2 minutes of any combination of awake or stage 1 in the following 10 minutes.
Study rules for visually scoring 4-second epochs were constructed by a consensus of the authors (see Appendix). The rules classified epochs by 1) wake, NREM, or REM state and 2) artifact presence. Artifact presence classification was guided by a priority for specificity in the definition of epochs free of muscle, EKG, eye movement, electrode, and other artifacts. Any artifact present, including eye movements, denoted an epoch as having an artifact. Artifacts were not subtyped. The sleep latency for the 4-second scoring rules was defined as the period from good night time until the first epoch of a 10-minute period in which 90% of epochs were classified as NREM. 
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Each subject's record was selected randomly, provided it was not the adaptation night. Each record had originally been scored in 60-second epochs. The oldest was acquired in 1994, the newest in 2000. Standard post-sleep self-report data for the nights studied were also obtained.
The first 60-second epoch of stage 1 was identified from the archival records for the main time alignment for the data analysis. Its start defined "time zero" (t 0 ). This choice was made in order to identify a time-reference point within the sleep onset process itself as originally scored. Based on this t 0 reference, 5 prior minutes and 29 subsequent minutes of C 4 -A 1 A 2 recording were extracted from the archives. In some cases, t 0 occurred earlier than 5 minutes from the record's beginning. In these cases "wake" was imputed for these prior epochs. The first author, who was blind to group membership of subjects, scored all records with the new rules for 4-second epochs. The second author scored 4 of the records in the same manner to provide data concerning the approximate reliability of the rules. One patient had REM sleep start late in the record. To confine the analysis only to NREM, all records were shortened to 33 minutes, comprising the 495 four-second epochs that were analyzed.
Each subject's progressive accumulation of sleep across the 4-second epoch series was computed. For the 4-second epoch data this was done directly. For the 20-second and 60-second epoch data, each 4-second epoch was assigned the sleep/wake state (Wake versus NREM) of the longer epoch of which it was a member. For mixed effects analyses between t 0 and 60 seconds afterward, the individual cumulative 4-second and 20-second epoch scoring data were analyzed in their as-scored form.
Other Time Alignments
In this analysis, "latency" refers to the time interval until a defined event as measured from the good night time starting point. To test time period relationships within the sleep onset process, the time intervals between t 0 and the sleep latency points as separately defined under the 60-second, 20-second, and 4-second versions of sleep latency end points (see above) were calculated.
To create models of sleep continuity after t 0 , different models of sleep continuity in 4-second epochs were constructed. These models were based on the criteria of unbroken continuity in a 4-second epoch series. The tested series lengths were for 8, 15, and 30 continuous 4-second epochs (i.e., 32 seconds, 60 seconds, and 120 seconds). The time point after t 0 that ended the first unbroken series of 4-second epochs defined the endpoint in these time-toevent analyses.
To test for group differences in timing of ASDA arousals after t 0 , intervals from t 0 to the first arousal were computed for KaplanMeier analysis. The intervals between the first and second, and second and third arousals were also computed.
Statistical Analysis
A significance level of p = 0.05 was set for all analyses. The 20-second sleep latency definition was taken as the sleep latency best representing conventional scoring practices. Since the analysis was focused on elaborating a process description, a multimethod approach was necessary. Statistical tests can evaluate processes by finite data that are referenced at time points, and not by nonfinite data that are themselves processes. To compensate for this limitation, multiple endpoints and frames of reference needed to be evaluated for the process description to be elaborated. Using just one endpoint such as sleep latency would be insufficient. The study's principal aim was to bring out sleep onset process abnormalities in comparison to conventional methods of scoring sleep latency. Separate evaluations of conventional scoring results, reliability testing of the new scoring rules, analyses of event frequencies, tests of time-to-event models, and regression models of cumulative sleep epochs supported meeting this aim.
Paired t-testing was performed on sleep parameter values and self-report data, matching each patient to his/her control. Reliability testing was done using the kappa statistic in SPSS, 33 which adjusts for the expected base-rate agreement. Mantel-Haenszel χ 2 tests stratified by patient:control matches were used to test for group differences in probabilities of 4-second epochs with sleep or artifacts. The Wilcoxon rank test was used to test for differences between groups in the distribution of the ASDA arousal event times and the event times of epochs containing artifacts after t 0 . Kaplan-Meier life-table analysis using chi-square testing using the Breslow method in SPSS 33 was used to test for group differences in time-till-event analyses. For the study of the beginning time of sleep continuity as judged with 4-second epoch time series, sleep continuity was modeled as series of 8, 15, and 30 continuous four-second epochs of NREM. For time-till-event analyses of ASDA arousals, Kaplan-Meyer analyses were conducted for the intervals between t 0 and the first arousal, between the first and second arousal, and between the second and third arousal.
Linear regression models of the cumulative distributions of 4-second epochs were constructed with S-PLUS 34 software to model time-trend data from all 3 scoring rules. In these models, the dependent variable was the cumulative mean sleep in each group from t 0 through all the subsequent 420 epochs. Stepwise regressions added group and group-by-time terms. Analysis of variance tests determined if adding a parameter improved model fit. Such models addressed the general time scale of conventional sleep latencies.
To address the more moment-to-moment perspective of the sleep onset process, linear mixed effects models using maximum likelihood estimation were constructed where the dependent variable was the cumulative sleep in 4-second scoring data at t 0 and at 20 seconds, 32 seconds, and 60 seconds, respectively. The interval between t 0 and these endpoints approximated 20-second, 30-second, and 60-second epoch lengths. Starting models included fixed-and random-effect terms for time, blocked by individual.
Stepwise models added group (fixed term) and group-by-time (both fixed and random) interaction terms. Likelihood ratios between models were tested with analysis of variance to see if the added terms significantly improved the model fit. If the fixed interaction term improved the model, then the groups (fixed term) differed in the rate of sleep build-up, after adjusting for individual differences. Similar models tested the 20-second scoring data, to test whether using it could similarly detect such momentary group differences in sleep build-up.
For the study's second aim, Pearson correlations tested relationships between post-sleep self-report variables versus t 0 latency, the 3 sleep latencies, and the t 0 to 20-second sleep latency interval.
RESULTS
Sample Description
The patients (5 male, 6 female; age range 24-57; mean 45.3 years ± 11.3 SD) were drawn from 3 separate protocols. They reported a Pittsburgh Sleep Quality Index 35 (PSQI) score of 10.7 ± 3.4. On the day prior to the study night, 3 had consumed one caffeinated beverage and 8 had consumed no caffeinated beverages. None had taken a nap nor consumed alcohol.
The controls (5 male, 6 female, age range 24-57; mean 44.8 years ± 10.7) had PSQI scores of 1.4 ± 1.12. All were drawn from a single protocol. On the day prior to the study night, 1 had consumed four caffeinated beverages, 2 had consumed two, 3 consumed one, and 5 consumed no caffeinated beverage(s). None had taken naps or consumed alcohol.
Reliability of the 4-Second Epoch Scoring Rules
Reliability of the scoring rules was good both for sleep state (% agreement = 89%, kappa = 0.68, p <0.001), and for classification of epochs with artifacts (% agreement = 90%, kappa = 0.63, p <0.001).
Conventional Sleep Stage Scoring and Latency Comparisons
Conventional polysomnographic sleep parameters are presented in Table 1 , both for 60-second and 20-second scoring rules. There were no statistically significant differences in total sleep time or for the ASDA arousal or long arousal indices between patients and controls.
According to the p = 0.05 criterion with paired t-testing, there was only a trend in group differences in sleep latency for 60-second scoring, but there was a significant difference for the 20-second scoring definition, reflecting effect sizes of 0.64 and 0.68, respectively, in the paired analyses. In the Kaplan-Meier analysis of the 60-second and 20-second data, there were no group differences in these sleep latencies.
There was a trend difference between groups in latency to t 0 by t-testing (t =1.9, df = 10, p = 0.09, effect size = 0.57), but not by Kaplan-Meier analysis. With t-testing, the groups did not differ in the interval between t 0 and the respective 60-second and 20-second sleep latency time points(t = -1.31, df = 10, p= 0.2; t = -1.42, df = 10, p = 0.2, respectively). There was only a trend difference (p = 0.09) in Kaplan-Meier analysis of t 0 to 60-second sleep latency.
As shown in Figure 2 , the sleep latency point according to the 4-second definition approximated t 0 in most subjects. A key exception was insomnia match subject # 1, who did not attain 4-second sleep latency within the range of the data. This subject's 4-second sleep latency was imputed to the end of the data. Inspection of Figure 2 The insomnia patients did not have a statistically significant difference (see Table 2 ) in their self-estimation of sleep latency on the study night compared to their matched controls, even while reporting that their sleep latency was usually longer (p = 0.015). They tended to self-report shorter total sleep time both for the study night and generally more wakefulness than controls. They felt a modest degree of insufficient sleep, more poorly rested, and more confused and depressed than the controls. They reported greater difficulty awakening.
Categorical Analyses of 4-Second Epoch Data
Time series of the different scoring epoch data are shown in Figure 3 . Upon inspection, the archival 60-second scoring for insomnia patient #1 (See Figure 3 Figure 3 , Part 1). Stage 1 was rescored to be a minute earlier than in the archive, and many of the subsequent epochs were awake. But this rescoring was in general agreement with the intended t 0 as a rough process midpoint. The original scoring was kept as the basis for t 0 in this record, since the record's temporal orientation was faithful to the kind of results obtained from typical scoring procedures.
Compared to controls, patients had more 60-second epochs scored as wake (Mantel-Haenzel χ 2 = 5.8, df = 1, p = 0.016), more 20-second epochs scored as wake (Mantel-Haenzel χ 2 = 62.1, df = 1, p <0.001), and more 4-second epochs scored as wake (31% versus 16%, Mantel-Haenszel χ 2 = 271.4, df = 1, p <0.001). Summaries of total sleep by scoring method are given in Table 3 . In the Kaplan-Meier analysis of the sleep continuity models (time till continuous sleep), the 8 continuous epoch(32-second) and 15 continuous epoch (60-second) models established no group differences, while that for the 30 continuous epoch (2-minute) model did (Breslow P 2 = 4.03, df = 1, p = 0.045). Compared to controls, patients had more artifacts (20.5% versus 12.4%) (Mantel-Haenszel χ 2 = 142.7, df = 1, p <0.001) across all epochs. The artifacts differences were also present after t 0 (Mantel-Haenszel χ 2 = 151.8, df = 1, p <0.001); however this difference was not present when the first matched pair were removed (Mantel-Haenszel χ 2 = 0.43, df = 1, p = 0.8). With this pair removed, the artifacts frequencies were about the same (14.2% for patients versus 12.8% for controls). The first matched insomnia subject's record was an outlier for artifact frequency. The Wilcoxon test of the time distribution of epochs after t 0 containing artifacts with the first matched pair excluded supported no group differences (Z = 0.54).
Analysis of Cumulative Sleep
Linear regression analyses of sleep build-up starting from t 0 through the subsequent 420 epochs were all highly significant for time, group, and group-by time interactions (all p <0.001) in all scoring methods. Of greater interest was whether group differences in cumulative sleep could be documented at very short times after t 0 . Figure 4 displays the mean number of accumulated epochs of sleep after good night time as scored in 4-second epochs in the two groups graphed from 60 seconds before through 60 seconds after t 0 . The tests of mixed effects models using the endpoints of 60 seconds, 32 seconds, and 20 seconds supported no differences in the group term. However, the likelihood ratios for the model tests adding stepwise the group-by-time interaction term were 2.85, 1.01, and 0.62 for the respective models (df = 1). Here only the model for the first 60-second epoch was significant (p = 0.047). The parallel models using cumulative 20-second epochs supported neither a group term nor a group-by-time interaction term (Likelihood ratio 1.91, df = 1, p = 0.17). Since the mixed modeling allowed for individual variability in intercepts and slopes, this approach was a more stringent test. The insomnia group had a statistically slower rate of entering sleep detectable with the 4-second scoring, but not with the 20-second scoring, at this 60-second time point.
Tests of ASDA Arousals
During the sleep onset period studied, there were no group differences found in the number or total time of ASDA arousals or long arousals. However, the Wilcoxon test of the distribution of ASDA arousals showed that patients had their ASDA arousal events earlier(W = 1840, n = 39, p = 0.03). With Kaplan Meier analysis, no group differences in the time until the first ASDA arousal after t 0 were found. However, group differences were present for the interval between the first and second ASDA arousals (χ 2 = 3.9, df = 1, p = 0.047), but not for the interval between the second and third ASDA arousals.
Exploratory Correlations with Self-Report Data
The time interval data was correlated against all the post-sleep self-report variables listed in Table 2 . The only comparisons found to be significant were those between the t 0 to 20-second sleep latency interval and the items asking about morning confusion, anxiety, and alertness (r = -0.69, -0.75, -0.62, respectively). Upon graphical inspection, these correlations were noted to be caused by 2 outlier values, and thus were not confidently supportable for the number of patients available.
DISCUSSION
Our primary aim was to describe sleep onset process abnormalities in primary insomnia patients in ways distinct from conventional sleep latency analysis. In conventional sleep latency analysis, the endpoint is a time point somewhere in stable stage 2 sleep, well past the events of the sleep onset process. In large part, this study provided comparisons that addressed disturbances before the sleep latency point, as here defined by the 20-second scoring rule definition. Since no one metric would suffice to summarize a process or its abnormalities, we employed a variety of methods of analyses to bring forth findings of sleep onset process abnormalities in the insomnia patients. The findings included group differences in visually assessed epoch patterns seen in Figure 3 , differences in the number of 4-second epochs after t 0 , differences in the timing of ASDA arousals after t 0 , differences in times until 2 minutes' continuous sleep in 4-second epochs after t 0 , differences in 4-second sleep latencies, differences in intervals between t 0 and the 4-second sleep latency point, and differences in the rate of accumulating sleep after t 0 within just 60 seconds after t 0 . For each endpoint used, some doubt might have remained that one had not selected the correct endpoint for a process analysis. Considered collectively, however, the coherence of the positive findings point to a disturbed sleep onset process in primary insomnia, in a sample not yet large enough to show robust sleep latency differences between groups. Sampling had not been based upon sleep latency characteristics.
The present exploratory study contributes to an existing literature 6, 10, 15, 16, [19] [20] [21] [22] [23] on sleep onset process abnormalities in primary insomnia, by using methods of analysis not previously explored. Overall, the results confirmed the proposal of Saper 13 that there may be faulty sleep/wake switching mechanisms in insomnia. The sleep onset process is a clinically relevant time domain where faulty sleep switch mechanisms may be studied. Saper's perspective that the difficulties may be in a moment-to-moment time domain (see Figures 3 and 4) appears to be correct, at least when viewed from an approximate midpoint (t 0 ) of the sleep onset process. The difficulty at present is that no one approach to studying the sleep onset process seems to be obviously the scientifically best one, even though some, such as analysis of ASDA arousals, are less time consuming.
These results point to the value of analyzing the sleep onset process from a mid-process time referencing perspective. The sleep onset process orientation of t 0 in this study was to a process midpoint. The high correlations between t 0 latency and the later 20-second sleep latencies generally confirmed this midpoint perspective. There could be drawbacks to latency definitions insofar as the starting time point ("good night time") is determined by technicians rather than the patients themselves, and this starting point determination has unknown reliability. The midpoint method is more amenable to reliability testing. All the data for setting the midpoint is on the PSG record itself, rather than depending on external information. The sleep latency definition that we applied to the 4-second epoch data had the similarity of a 10-minute perspective to those sleep latency definitions applied to the 60-second and 20-second data, but was dissimilar in that it had no linkage to stable stage 2 sleep. Some time in stage 2 sleep is needed for a sleep latency point to be reasonably defined. When t 0 and the 4-second definitions of sleep latency were co-plotted (see Figure 2) , they appeared similar. The new 4-second definition of "sleep latency" was not comparable to usual definitions of sleep latency. In retrospect, the 4-second sleep latency point might itself have served as the t 0 for this analysis. The non-equivalency of sleep latency definitions is an embedded problem in sleep onset process research, 17 especially when scoring is done in different epoch lengths.
Initial Sleep Onset in Primary Insomnia
The findings that insomnia patients can have only mild or no changes in all-night conventional sleep architecture 3, 4, 7 can make it seem that these patients only have misperceptions about sleep and sleep latency. In this study, the patients reported only statistical trend differences in sleep latencies compared to the controls for the night studied. The accuracy of the patients' self-reports was not grossly abnormal. By virtue of their group membership, the patients' self-reports had some general correspondence to sleep onset process abnormalities that we could document compared with the matched control subjects. Three correlations between the sleep onset interval in the patients and their self-reported confusion, anxiety, and alertness levels the following morning seemed conceptually promising, but cannot be considered more than possible suggestions for future testing. At the individual patient level, self-report variables did not have fixed and precise relationships to physiologically derived variables.
Three issues are worth noting when considering new scoring rules for insomnia research. First, scorers use visual pattern recognition to score epochs. They filter out the pattern of artifacts and/or other phenomena when scoring the record. A recent publication suggests that even for staging of 30-second epochs, specific sleep stages have subtypes that the scorers gloss over while scoring. 36 Patients may have more movement arousals during sleep, 27 , 28 which might be considered as artifacts. Hence, one can be skeptical that current scoring methods are optimal for studying insomnia. Is the "misperception of sleep" more in the scoring procedures or in the patients? Second, conventional epoch lengths, while convenient, are not necessarily the best ones for characterizing the sleep of insomnia patients. Third, if the "independent" presence of artifacts is related to group or subtype differences, then artifact scoring may provide useful information. In the present study, the one insomnia subject's increased artifacts may have been due to purely technical factors, or may represent a physiological subtype. Analyzing artifact patterns will help avoid potential biases.
The present study had a specialized case-control design which involved individual matching in a small sample. Being a case control study, sampling was based on the outcome the subjects had already experienced, and not with random sampling. Hence, the methods and findings from the study can only be taken as exploratory.
This study may be the only report where scorings of different epoch lengths have been compared directly. Further research studies of scoring sleep and sleep onset across different epoch sizes may be helpful in examining factors affecting scoring reliability.
The rules used in this study for scoring 4-second epochs will need further replication, testing, and modification. Using them may help to refine theories about the sleep onset process. Wider application of the Hori scoring rules may also be important. Other small-epoch scoring rules are conceivable and potentially useful. Yet since scoring small epochs requires a larger amount of scoring time, automated scoring will likely be needed if small-epoch scoring is to have any practical clinical application.
Small-epoch scoring is unlikely to be of much practical clinical use unless it can contribute to a differential diagnosis of insomnia subtypes. If there are subtypes of sleep onset process abnormalities, as suggested by the results of Staner et al, 21 then small-epoch scoring may have clinical utility. To accomplish such a goal of differential diagnosis using polysomnography, clinical investigators will need to posit and test potential physiological subtypes, and not rely merely on the current nonspecific, polythetic DSM-IV 37 definition of primary insomnia or the ICSD-2 38 definitions of chronic insomnias. Using the current definitions may only produce study samples that are confounded mixtures of physiological subtypes. The present study's sample was selected on the basis that the DSM-IV definition served as the outcome variable that determined the sampling frame for the case-control design. Not surprisingly, there were some insomnia subjects with comparatively normal sleep latencies in the sample. Future studies should focus on potential physiologically defined subtypes of the sleep onset process to set up case-control studies, rather than focusing primarily on syndromal outcomes that are mainly defined by self-reports. By and large, patients' self-reports describe well the symptoms, but not the physiological causes, of their diseases.
